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Abstract. We investigate a spatially flat Friedmann-Robertson-Walker (FRW) cosmological model
with cold dark matter coupled to a dark energy which is given by the modified holographic Ricci
cutoff. The interaction used is linear in both dark energy densities, the total energy density and
its derivative. Using the statistical method of χ2-function for the Hubble data, we obtain H0 =
73.6km/sMpc, ωs = γs − 1 = −0.842 for the asymptotic equation of state and zacc = 0.89. The
estimated values of Ωc0 which fulfill the current observational bounds corresponds to a dark energy
density varying in the range 0.25R < ρx < 0.27R.
Keywords: interaction, holographic dark energy, dark matter
PACS: 04.
INTRODUCTION
Many different observational sources such as the Supernovae Ia [1]-[2], the large scale
structure from the Sloan Digital Sky survey [3] and the cosmic microwave background
anisotropies [4] have corroborated that our universe is currently undergoing an acceler-
ated phase. The cause of this behavior has been attributed to a mysterious component
called dark energy and several candidates have been proposed to fulfill this role. For
example, a positive cosmological constant Λ, explains very well the accelerated behav-
ior but it has a deep mismatch with the theoretical value predicted by the quantum field
theory. Another issue of debate refers to the coincidence problem, namely: why the dark
energy and dark matter energy densities happen to be of the same order precisely today.
In order to overcome both problems, it has proposed a dynamical framework in which
the dark energy varies with the cosmic time. This proposal has led to a great variety of
dark energy models such as quintessence [5], exotic quintessence [6], N–quintom [7]
and the holographic dark energy (HDE) models [8] based in an application of the holo-
graphic principle to the cosmology. According to this principle, the entropy of a system
does not scale with its volume but with its surface area and so in cosmological context
will set an upper bound on the entropy of the universe [9]. In [10] it has been suggested
that in quantum field theory a short distance cut-off is related to a long distance cut-off
(infra-red cut-off L) due to the limit set by the formation of a black hole. Further, if the
quantum zero-point energy density caused by a short distance cut-off is taken as the dark
energy density in a region of size L, it should not exceed black hole mass of the same
size, so ρΛ = 3c2M2PL−2, where c is a numerical factor. In the cosmological context, the
size L is usually taken as the large scale of the universe, thus Hubble horizon, particle
horizon, event horizon or generalized IR cutoff. Between all the interesting holographic
dark energy models proposed so far, here we focus our attention on a modified version
of the well known Ricci scalar cutoff proposed in [11]. Besides, there could be a hidden
non-gravitational coupling between the dark matter and dark energy without violating
current observational constraints and thus it is interesting to develop ways of testing an
interaction in the dark sector. Interaction within the dark sector has been studied mainly
as a mechanism to solve the coincidence problem. We will consider an exchange of en-
ergy or interaction between dark matter and dark energy which is a linear combination
of the dark energy density ρx, total energy density ρ , dark matter energy density ρc, and
the first derivate of the total energy density ρ ′ as has been studied in [12].
THE INTERACTING MODEL
In a FRW background, the Einstein equation for a model of cold dark matter and
modified holographic Ricci dark energy, having energy densities ρc and ρx respectively,
reads
3H2 = ρ , ρx =
(
2 ˙H +3αH2
)
/∆, (1)
where α , β are constants and ∆ = α −β . In terms of the variable η = 3ln(a/a0), the
compatibility between the global conservation equation
ρ ′ = dρ/dη =−ρc− (1+wx)ρx, (2)
and the modified holographic Ricci dark energy
ρ ′ =−αρc−βρx, (3)
namely, (γcρc + γxρx) = (αρc +βρx), gives a relation between the equation of state of
the dark components wx and the ratio r = ρc/ρx
wx = (α−1)r+β −1. (4)
Solving the Eq. (3) along with ρ = ρc +ρx, we get the dark energy densities in terms
of ρ and ρ ′
ρc =−(βρ +ρ ′)/∆, ρx = (αρ +ρ ′)/∆. (5)
We introduce the interaction between both dark components through the term Q by
splitting the Eq.(2) into ρ ′c + ρc = −Q and ρ ′x + (1+wx)ρx = Q. Also, we present a
modified interaction QM by splitting the Eq. (3) into ρ ′c +αρc = −QM and ρ ′x +βρx =
QM, meaning that both pictures are related by means of the expression Q = QM −
(1−α)ρc = QM +(1+wx − β )ρx. Then, differentiating ρc or ρx in (5) and using the
expression of QM allow us to obtain a second order differential equation for the total
energy density ρ [12]
ρ ′′+(α +β )ρ ′+αβρ = QM∆. (6)
Solving Eq. (6) for a given interaction QM , we obtain the total energy density ρ and
the dark matter and dark energy densities ρc, ρx after using Eq. (5).
The general interaction QM linear in ρc, ρx, ρ , and ρ ′ has been introduced in [12],
QM = c1 (γs−α)(γs−β )∆γ ρ + c2(γs−α)ρc− c3(γs−β )ρx− c4
(γs−α)(γs−β )
γs∆γ
ρ ′, (7)
where γs is constant and the coefficients ci fulfill the condition c1 + c2 + c3 + c4 = 1.
Now, using Eqs. (5) we rewrite the interaction (7) as a linear combination of ρ and ρ ′,
QM = uρ + γ
−1
s [u− (γs−α)(γs−β )]ρ ′
∆γ , (8)
where u = c1(γs−α)(γs−β )−c2β (γs−α)−c3α(γs−β ). Replacing the interaction (8)
into the source equation (6), we obtain
ρ ′′+(γs + γ+)ρ ′+ γsγ+ρ = 0. (9)
where the roots of the characteristic polynomial associated with the second order linear
differential equation (9) are γs and γ+ = (βα−u)/γs. In what follows, we adopt γ+ = 1
for mimicking the dust-like behavior of the universe at early times. In that case, the
general solution of (9) is ρ = b1a−3γs +b2a−3 from which we obtain
ρc =
(γs−β )b1a−3γs +(1−β )b2a−3
∆ , (10)
ρx =
(α− γs)b1a−3γs +(α−1)b2a−3
∆ . (11)
Interestingly, Eqs. (10) and (11) tell us that the interaction (8) seems to be a good
candidate for alleviating the cosmic coincidence problem because the ratio Ωc/Ωx
becomes bounded for all times.
OBSERVATIONAL CONSTRAINTS
In terms of the transition redshift zacc, the actual Hubble factor H0 and the γs parameter,
we obtain the Hubble function
H(z) =
H0(1+ zacc)3/2√
2−3γs +(1+ zacc)3(1−γs)
√
(1+ z)3γs
(1+ zacc)3γs
+(2−3γs)
(1+ z)3
(1+ zacc)3
(12)
We apply the χ2–statistical method to the Hubble data listed in [13] for constraining
the cosmological parameters of the Hubble function (12). The three-dimensional confi-
dence regions 1σ and 2σ are shown in the left panel of Fig.1 where the sphere indicates
the best fit values zacc = 0.89, H0 = 73.6km/sMpc and γs = 0.158.
FIGURE 1. Left panel: Three-dimensional regions of confidence 1σ and 2σ for H0, γs = 1+ws and
zacc parameters. Right panel: Parametric curve of cosmological time t(z) drawn in units of H−10 for the
best values zacc = 0.89, H0 = 73.6km/sMpc and γs = 0.158 with (13).
A feasible model of the dark sector has dark components with positive definite energy
densities, accelerated expansion and non phantom dark energy. These requirements
are fulfilled when b1 and b2 are positive constants, which correspond to α ≥ 1 and
0 ≤ β < 2/3. It is possible to infer that in the case of α = 4/3 and β < 0.1, that is
0.25R < ρx < 0.27R, the model behaves better than the one based on the Ricci scalar.
The crisis of the age
The age of the universe in units of H−10 can be obtained as a function of the redshift z
with the expression
t(z) =
∫
∞
z
(
(1+
−
z)H(
−
z)
)−1
d
−
z (13)
We can see in the right panel of Fig.1 that our modified holographic model with linear
interaction works very well at least for values of redshift lower than z ∼ 3.5. The use of
a nonlinear interaction likely includes more ancient objects such as APM08279+5255.
CONCLUSIONS
We have examined a modified holographic Ricci dark energy coupled with cold dark
matter and found that this scenario describes satisfactorily the evolution of both dark
components. We have shown that the compatibility between the modified and the global
conservation equations constraints the equation of state of the dark energy compo-
nent. From the observational point of view we have obtained the best fit values of
the cosmological parameters zacc = 0.89, H0 = 73.6km/sMpc and γs = 0.158 with a
χ2do f = 0.761< 1 per degree of freedom. The H0 value is in agreement with the reported
in the literature [14] and the critical redshift zacc = 0.89 is consistent with BAO and
CMB data [15]. We have found that the age crisis at high redshift cannot be alleviated
so it will need another kind of interaction.
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